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(57) Abstract 

A system and method for detecting a class of explosives and narcotics containing nitrogen in a specimen (1) by nuclear 
quadripole resonance which improves the selectivity, sensitivity and spatial localization over conventional detection systems. As 
a result, sub-kilogram quantities of explosives and narcotics against a background of more benign materials may be detected by 
the nuclear quadrupole resonance system and method. Also, by the use of a meanderline surface coil (10), the electrical and mag- 
netic fields will fall off rapidly over a short distance so that a localized region may be scanned and people may be scanned with- 
out depositing substantial RF power into the body. Furthermore, by using a strong off-resonance comb (SORC) irradiation se- 
quence, the signal-to-noise ratio of the detected signal is improved for obtaining a more accurate detection signal from the 
specimen. 
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DETECTION OF EXPLOSIVES BY NUCLEAR QUADRUPOLE RESONANCE 

5 Backgyoun^ of the Invention 

Field of the Invention 

The present invention is directed to a method and a system 
for detecting nitrogenous explosives or narcotics by nuclear 
10 guadrupole resonance (NQR) . 

Description of the Prior Art 

In order to limit the unrestricted flow of explosives and 
narcotics, it is desired to detect sub-kilogram quantities of 

15 those materials in monitoring stations. Most military 
explosives and narcotics share common features: they are 
crystalline solids containing nitrogen. Presently, the 
explosive detections system and methods cannot reliably detect 
sub-kilogram quantities of military explosives against a 

20 background of more benign materials. In conventional vapor- 
based systems, dynamites and contaminated explosives may be 
detected. However, military explosives such as RDX and PETN 
are not reliably detected by the conventional vapor base 
systems especially when countermeasures are taken to reduce the 

25 effluent vapor and particles. Thermal neutron systems, which 
are U N detectors, can detect relevant quantities of explosives. 
Unfortunately, conventional thermal neutron analysis systems 
frequently alarm on nitrogen-containing plastics. High false 
alarm rates are produced for inspected bags containing a few 

30 bomb equivalents of nitrogen in a benign form since the 
conventional thermal neutron analysis systems are sensitive 
only to the nuclear cross sections and not to any details of 
the particular chemical environment of the detected nitrogen 
nuclear. Hence the false alarm rate is inherently high, even 

35 with some spatial discrimination. Also, nuclear magnetic 
resonance (NMR) has been considered for detecting explosives. 
Because a large magnetic field is conventionally required for 
NMR, magnetically recorded data would be undesirable altered 
and other magnetizable materials could be damaged. 

40 Furthermore, the conventional non-vapor methods and systems are 
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not suitable for inspecting people. 

Snmar y of the Invention 

An object of the present invention is to provide a system 
5 for detecting nitrogenous explosives and narcotics by nuclear 
quadrupole resonance. 

A further object of the present invention is to perform 
the detection with a meanderline surface coil in order to 
localize the inspection region for improving the sensitivity 
10 to the desired explosive or narcotic. 

A still further object of the present invention is to 
irradiate the specimen to be detected with a train of radio 
frequency pulses whose frequency has been chosen near to the 
1A N NQR frequency of the explosives or the narcotics desired to 

15 be detected. 

Another object of the present invention is to provide a 
method for detecting nitrogenous explosives and narcotics by 
nuclear quadrupole resonance. 

The objects of the present invention are fulfilled by 

20 providing a system for detecting a class of explosives and 
narcotics containing nitrogen in a specimen by nuclear 
quadrupole resonance, comprising pulse generating means for 
generating a train of radio frequency pulses having a 
predetermined frequency, a meanderline surface coil for 

25 irradiating the specimen with said train of radio frequency 
pulses and detecting an integrated nitrogen signal in response 
to irradiating the specimen, coupling means for transmitting 
said train of radio frequency pulses to said meanderline 
surface coil and receiving said integrated nitrogen signal from 

30 said surface meanderline coil, comparing means for comparing 
said integrated nitrogen signal to a predetermined threshold 
value, and an alarm for signaling when said integrated nitrogen 
signal exceeds said predetermined threshold value. 

Because the NQR resonance frequency of a quadrupolar 

35 nucleus in a crystalline solid is well-defined and is 
especially sensitive to the chemical structure, false alarms 
from nitrogenous materials having NQR resonances at frequencies 
other than the characteristic frequencies of the explosives are 
not a problem. Also, the meanderline surface coil localizes 

40 the sensitive inspection region to a well-defined region so 
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that a specimen can be scanned without the use of substantial 
RF power. ,.s a result of the electrical and magnetic fields 
of the meanderline surface coil falling off rapidly over 
distance, a person can be scanned by this system without 
5 depositing significant RF power into the body. 

For simplicity the system uses a single meanderline 
surface coil for transmission and reception in an embodiment 
of the present invention. However, it may be advantageous to 
use two independent coils, for example a meanderline 
10 transmitting coil and a solenoidal receiver coil under certain 
circumstances . 

In another embodiment of the present invention, the train 
of radio frequency pulses irradiating the specimen comprise a 
strong off resonance comb of radio frequency pulses. By 

15 irradiating the specimen with the strong off resonance comb of 
radio frequency pulses, the signal-to-noise ratio of the 
detected signal may be improved. 

The objects of the present invention are further fulfilled 
by providing a method for detecting a class of explosives and 

20 narcotics containing nitrogen in a specimen by nuclear 
quadrupole resonance comprising the steps of generating a train 
of radio frequency pulses having a predetermined frequency, 
transmitting said train of radio frequency pulses to a 
meanderline surface coil, irradiating the specimen with said 

25 train of radio frequency pulses transmitted to said meanderline 
surface coil, detecting an integrated nitrogen signal in 
response to irradiating the specimen, receiving said integrated 
nitrogen signal, comparing said integrated nitrogen signal to 
a predetermined threshold value and signaling when said 

30 integrated nitrogen signal exceeds said predetermined threshold 
value. In another embodiment of the present invention, said 
train of radio frequency pulses generated by the method 
comprises a strong off resonance comb of radio frequency 
pulses. 

35 The methods and systems for the embodiments of the present 

invention improve the selectivity, sensitivity and the spatial 
localization for detecting nitrogenous explosives or narcotics 
by nuclear quadrupole resonance. This system also allows for 
people to be scanned without the RF heating problem associated 

40 with immersing a person entirely in an intense RF field. 
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Furthermore, the false alarm rates are reduced so that 
nitrogenous explosives and narcotics may be reliably detected. 

Further scope of applicability of the present invention 
will become apparent from the detailed description given 
5 hereinafter. However, it should be understood that the 
detailed description and specific examples, while indicating 
preferred embodiments of the invention, are given by way of 
illustration only, since various changes and modifications 
within the spirit and scope of the invention will become 
10 apparent to those skilled in the art from this detailed 
description. 

Brief Description o f the Drawings 

The present invention will become more fully understood 
15 from the detailed description given hereinbelow and the 
accompanying drawings which are given by way of illustration 
only, and thus are not limitative of the present invention and 
wherein: 

Figure l illustrates a block diagram of the NQR system for 
20 the present invention; 

Figures 2A and 2B illustrate top and side views of a 
meanderline surface coil for an embodiment of the present 
invention with respect to a sample; 

Figure 3 illustrates the contour lines for the magnetic 
25 field strength of a meanderline surface coil in the XY plane; 

Figure 4 illustrates the NQR signal intensity as a 
function of the sample height above the meanderline surface 
coil; 

Figure 5 illustrates the NQR signal intensity as a 
30 function of the pulse width for a meanderline surface coil and 
an equivalent solenoid; 

Figure 6 illustrates a comparison between the NQR spectra 
for a specimen between a meanderline surface coil and an 
equivalent solenoid; and 
35 Figures 7 and 8 illustrate the implementation of the NQR 

detection system for the present invention. 



40 



Detailed Description of the p referred Embodiments 

Figure 1 illustrates a block diagram for the NQR detection 
system for an embodiment of the present invention. A radio 
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frequency source 60, a pulse programmer and RF gate 50 and an 
RF power amplifier 40 are provided to generate a train of radio 
frequency pulses having a predetermined frequency to be applied 
to a coil 10. A coupling network 20 conveys the train of radio 
5 frequency pulses from the radio frequency source 60 , the pulse 
programmer and RF gate 50 and the RF power amplifier 40 to the 
coil 10. The coupling network 20 also conducts the signal to 
the receiver/RF detector 30 from the coil 10 after a specimen 
is irradiated with the train of radio frequency pulses. A 

10 central processing unit (CPU) 70 controls the radio frequency 
source 60 and the pulse programmer and RF gate 50 to a 
predetermined frequency which coincides or is near to a 14 N NQR 
frequency of the type of explosive (eg all RDX-based 
explosives) or narcotic desired to be detected. The CPU 70 

15 also compares the integrated nitrogen signal with a 
predetermined threshold value. When the predetermined 
threshold value is exceeded, an alarm 80 is activated in 
response to the comparison by the CPU 70. The coupling network 
20, the receiver/RF detector 30, the RF power amplifier 40, the 

20 pulse programmer and RF gate 50, the radio frequency source 60, 
the CPU 70 and the alarm 80 may be contained in a console 100 
with only the coil 10 being outside of the console 100. 

Figures 2A and 2B further illustrate the coil 10 as a 
meanderline surface coil 11 havir 3 a width w and a length t for 

25 detecting U N pure NQR signals of a sample 1. The meanderline 
surface coil 11 is constructed of a serpentine array of 
parallel conductors being separated by a predetermined distance 
b. The conductor strips can theoretically be regarded as 
infinitely thin but having a finite width of s. Figure 2B 

30 illustrates the sample 1, which has a thickness of d, being a 
height h above the surface of the meanderline surface coil 11. 

In order to detect 14 N pure NQR signals, it is necessary 
to use a coil producing an RF magnetic field which is confined 

35 as much as possible to the region of interest. The magnetic 
field in planes parallel to the surface of the meanderline 
surface coil 11 has a periodicity of the meanderline spacing 
b and the strength of the magnetic field drops off 
approximately at exp (-?rh/b) so that the effective RF magnetic 

40 field is confined to a region adjacent to the meanderline 
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surface coil 11 with a penetration depth determined by the 
spacing b between the parallel conductors and not the overall 
size of the coil. As a result, the meanderline surface coil 
11 is optimally suited for probing a sizable surface area to 
5 a limited depth. By contrast, the penetration depth of a more 
conventional circular surface coil is determined by the coil 
radius: making the circular surface coil larger increases the 
penetration depth. 

The excitation and detection performed by the coil 10 

10 utilizes a pure nuclear quadrupole resonance performed in zero 
magnetic field so that no magnet is required. In the preferred 
embodiment, a meanderline surface coil 11 as illustrated in 
Figures 2A and 2B is used. However, for certain specific 
geometries other coils may be guite suitable: for example, a 

15 conventional solenoid, rectangular solenoid, Helmholtz, or 
toroidal coil may be used. The specimen 1 is irradiated with 
a train of radio frequency pulses developed by the RF power 
amplifier 40, the pulse programmer and RF gate 50, the radio 
frequency source 60 and the CPU 70 to have a frequency near to 

20 the 14 N NQR frequency of the type of explosives or narcotics 
desired to be detected. For example, RDX has NQR resonance 
lines near 1.8, 3.4 and 5.2 MHz and PETN has resonance lines 
near 0.4, 0.5 and 0.9 MHz. Hence all RDX-types of explosive 
would be detected by examination near to 1.8, 3.4 or 5.2 MHz. 

25 m a preferred embodiment, the train of radio frequency 

pulses is a strong off resonance comb (SORC) of radio frequency 
pulses. For pulse separations r less than the spin-spin 
relaxation time T 2 , the size of the steady state response 
signal after every pulse is about 1/2 of the equilibrium 

30 magnetization. For a particular geometry the RF pulses are 
approximately 50 microseconds long and are spaced approximately 
1 millisecond apart. In approximately 5 seconds, for example, 
5000 signals can be coadded in order to improve the signal-to- 
noise ratio when compared to a single pulse or a conventional 

35 data taking approach which requires a delay approximately equal 
to the spin-lattice relaxation time T,. Because T, for U N is 
typically in the order of seconds, the improvement in the 
signal-to-noise ratio obtained in a given amount of time by 
using the SORC sequence is (T,/t)* or a factor of approximately 

40 30 in this example. 
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The predetermined frequency of the train of radio 
frequency pulses for the particular type of explosive or 
narcotic being detected is set to within 5 to 10 kHz of the 
nitrogen resonance. Because the resonance frequency is 
5 temperature dependent, it is desirable to sweep the frequency 
over a range of 10 or 15 kHz. For example, the 5.2 MHz 
resonance lines of RDX vary by approximately 25 kHz over a 
temperature range of 0 to 50° C while the 1.8 and 3.4 MHz lines 
of RDX vary by approximately 12.5 kHz over the temperature 

10 range of 0 to 50 °C. Within the frequency sweep of 10 to 15 
kHz, the signal intensity will vary proportional to |cos(xr$fr) | 
where Sf is the resonance frequency offset. It is to be noted 
that the swept signal intensity will sum to a positive value 
even though the exact resonance frequency may be unknown. 

15 After applying the train of radio frequency pulses to the 

coil 10, the integrated nitrogen signal from the coil passes 
through a receiver/RF detector 30 and is input to the CPU 70. 
The integrated nitrogen signal is compared to a predetermined 
threshold value and the alarm 80 is activated when the 

20 integrated nitrogen signal exceeds the predetermined threshold 
value. 

In an embodiment of the present invention, the coupling 
network 20, the receiver/RF detector 30, the RF power amplifier 
40, the pulse programmer and RF gate 50, the radio frequency 
25 source 60, the CPU 70 and the alarm 80 are contained in a 
console 100 with the coil 10 attached thereto so that the 
scanner coil can be placed next to the specimen desired to be 
detected. 

The above described device may be slightly modified for 
30 use in many applications. For example, when inspecting 
reasonably small packages of approximately 30 cm linear 
dimensions where power deposition is not a great concern, a 
cylindrical or rectangular solenoidal coil may be appropriate. 
For larger packages such as airline baggage, a localized coil 
35 may be desired for searching one region of the specimen at a 
time so that large RF fields are not generated over the entire 
specimen. When inspecting people, a meanderline surface coil 
is preferred to be used because the inspection region is 
localized to a well-defined region and the RF power deposition 
40 into the body is minimized. The system and method may be used 
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for inspecting more than one type of nitrogenous explosives or 
narcotics by jumping to another NQR frequency of the desired 
type of explosive or narcotic to be detected. Also, more than 
one type may be simultaneously detected with a plurality of 
5 coils and transmitters, by electronically hopping among desired 
NQR resonance frequencies during the pulse train or by 
utilizing multiply tuned coils. 

Figure 2A indicates the direction of the current flow in 
the serpentine array. A current density J 8 (x) is related to 
10 the total current I as illustrated in the relationship of 

J*J B (x)dx=Kl [1]. 

By using magnetostatic boundary conditions, J 8 (x) between the 
conducting strips is 0 and J s (x) within the conducting strips 
corresponds to the relationship of 

15 J * ix) = <2[cos(2nx/b)-cos(iis/b>3>*' C2] 

where /5=jrI[2bK(q) ] _1 and K(q) is the complete elliptic interval 
of the first kind with modulus q= sin(jrs/2b) . The resulting 
magnetic field components in the region of z>0 and B y =0 is 

B t x A~V$ Y, P n £ COS (*S/-D)]exp[- (221+1) nz/b] 

A^)[(2fl + l)nx/2>], 



20 where P n [cos(jrs/b) ] is a Legendre polynomial of order n. In a 
thin layer sample adjacent to a meanderline surface coil, both 
the strength and direction of the RF magnetic field vary over 
the specimen according to equation [3]. An average must be 
taken at each location within the sample in order to obtain the 

25 NQR signal intensity. The quantity of interest in NQR 
detection is the magnitude of the RF field B 1 =2[B X 2 +B Z 2 ]*. 
Figure 3 illustrates the contour presentation of the magnetic 
field intensity from equation 3 and predicts the RF field 
profile. As illustrated in Figure 3, the z component of the 

30 magnetic field reaches a maximum midway between the conducting 
strips and the modules of the magnetic field is maximum near 
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the strip edges where B x is large but the magnetic field never 
vanishes between the conducting strips due to the contribution 
of B 2 . 

Figure 4 illustrates a variation of the NQR signal 
5 intensity as a function of the sample height. Data were 
acquired by using the SORC pulse sequence at a spectrometer 
offset frequency of 5 kHz, a pulse interval of r=1.5 ms and a 
pulse width of 60 /xs» Two thousand transients were coadded 
during each sequence for a total acquisition time of about 3 

10 seconds. The meanderline detected NQR intensities 

qualitatively illustrate the expected rapid decrease in signal 
intensity with an increasing sample height in Figure 4. In an 
application of the meanderline surface coil 11, a sample of 120 
grams of commercially obtained sodium nitrite was ground to a 

15 fine powder filling a volume of 100 cm 3 and was placed in a 
plastic tray for use as the specimen 1 to be detected. An 
example of the construction for the meanderline surface coil 
used bare copper ribbon wire (0.8 x 3 mm) which was laid out 
in 11 strips on a perforated printed circuit board where t = 

20 20 cm, b = 4 cm and W =41 cm. For comparison, a solenoid 
having dimensions comparable to the dimensions of the 
meanderline surface coil was used as the coil 10. The solenoid 
was constructed to have 5.5 turns of the bare copper ribbon 
wire on a 15 cm diameter plexiglass pipe with the same overall 

25 wire length and diameter D=2/*r (1+b) . The winding spacing of 
the solenoid was 6.5 cm and the solenoid length was 36 cm. The 
specimen for the solenoid was again 100 cm 3 of sodium nitrite 
in a cylinder of diameter 2.5 cm filled to a height of 20 cm. 

30 A comparison of the RF field between the meanderline 

surface coil and the solenoid is illustrated in Figure 5. The 
signal i: :ensity for the solenoid levels off at pulse widths 
longer tnan 80 n& while the signal intensity for the 
meanderline surface coil appears to peak at pulse widths 

35 between 40 and 50 /is which suggests that the average magnetic 
field B, of the meanderline surface coil is approximately twice 
as large as the magnetic field for the solenoid in the 
detection region. Hence the efficiency of the meanderline and 
its equivalent solenoid are quite comparable, at least in the 

40 vicinity of the surface of the meanderline coil. Figure 6 also 
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makes this point by comparing signals from the meanderline and 
equivalent solenoid: note that the signal-to-noise ratios are 
quite comparable. 

Figures 7 and 8 illustrate possible use of such an NQR 
5 system for detecting explosives and narcotics in actual use. 
For clarity in Fig. 7 two meanderline inspection coils are 
shown quite far from the baggage to be inspected. In such an 
application, the geometry would be altered to bring the coils 
much closer to the bags. 

10 The system and methods in the embodiments of the present 

application provide an improvement for detecting a class of 
explosives and narcotics containing nitrogen in a specimen by 
nuclear quadrupole resonance over conventional detection 
systems. The NQR system provides improved specificity and 

15 hence reduced false alarm rates because NQR is sensitive to 
chemical structure. Also, the meanderline surface coil allows 
sensitivity and localization of the transmitting field and the 
receiver which allows the possibility of scanning a person 
without depositing substantial RF power into ones body. 

20 Furthermore, the SORC irradiation sequence improves the signal- 
to-noise ratio of the obtained signal over conventional systems 
and methods. 

The invention being thus described, it will be obvious 
that the same may be varied in many ways. Such variations are 
25 not to be regarded as a departure from the spirit and scope of 
the invention, and all such modification as would be obvious 
to one skilled in the art are intended to be included within 
the scope of the following claims. 
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Claims 

5 What is claimed is: 

1. A system for detecting a class of explosives and 
narcotics containing nitrogen in a specimen by nuclear 
quadrupole resonance, comprising: 
10 pulse generating means for generating a train of radio 

frequency pulses having a predetermined frequency; 

a meanderline surface coil for irradiating the specimen 
with said train of radio frequency pulses and detecting an 
integrated nitrogen signal in response to irradiating the 
15 specimen; 

coupling means for transmitting said train of radio 
frequency pulses to said meanderline surface coil and receiving 
said integrated nitrogen signal from said surface meanderline 
coil; 

20 comparing means for comparing said integrated nitrogen 

signal to a predetermined threshold value; and 

an alarm for signalling when said integrated nitrogen 
signal exceeds said predetermined threshold value* 

25 2. A system according to Claim 1, wherein said 

predetermined frequency of said train of radio frequency pulses 
are near to a 14 N NQR frequency of a predetermined type of 
explosive or narcotic to be detected. 

30 3. A system according to Claim 2, wherein said 

predetermined type of explosive or narcotic to be detected 
comprises RDX-based explosives • 

4. A system according to Claim 1, wherein said train of 
35 radio frequency pulses comprises a strong off-resonance comb 

of radio frequency pulses. 

5. A system according to Claim 1, wherein said pulse 
generating means comprises a radio frequency source, a pulse 

40 programmer, a radio frequency gate and a radio frequency power 
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amplifier. 

6. A system for detecting multiple types of nitrogen in 
a specimen by nuclear quadrupole resonance, comprising: 

5 pulse generating means for generating a plurality of 

trains of radio frequency pulses, each said train of radio 
frequency pulses having a distinct predetermined frequency; 

a plurality of meanderline surface coils for irradiating 
the specimen with each of said predetermined frequencies for 
10 said plurality of trains of radio frequency pulses and 
detecting a plurality of integrated nitrogen signals in 
response to irradiating the specimen with each of said distinct 
predetermined frequencies; 

a plurality of coupling means for respectively 
15 transmitting each of said plurality of said trains of radio 
frequency pulses to each of said meanderline surface coils and 
respectively receiving said integrated nitrogen signals from 
each of said meanderline surface coils; 

comparing means for comparing each of said integrated 
20 nitrogen signals to a predetermined threshold value; and 

an alarm for signalling when each of said integrated 
nitrogen signals exceeds said predetermined threshold value. 

7. A system according to Claim 6, wherein each of said 
25 distinct predetermined frequencies of said trains of radio 

frequency pulses is near to one of a plurality of U N NQR 
frequencies for each type of the multiple types of nitrogen to 
be detected. 

30 8. A system according to Claim 6, wherein each of said 

plurality of trains of radio frequency pulses comprises a 
strong off -resonance comb of radio frequency pulses. 

9. A system according to Claim 6, wherein said pulse 
35 generating means comprises a radio frequency source, a pulse 

programmer, a radio frequency gate and a radio frequency power 
amplifier. 

10. A system for detecting multiple types of explosives 
40 and narcotics containing nitrogen in a specimen by nuclear 
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quadrupole resonance, comprising: 

pulse generating means for generating a plurality of 
trains of radio frequency pulses, each said train of radio 
frequency pulses having a distinct predetermined frequency; 
5 a meanderline surface coil for sequentially irradiating 

the specimen with each of said distinct predetermined 
frequencies for said plurality of trains of radio frequency 
pulses and detecting a plurality of integrated nitrogen signals 
in response to sequentially irradiating the specimen with each 
10 of said distinct predetermined frequencies; 

coupling means for sequentially transmitting each of said 
trains of radio frequency pulses to said meanderline surface 
coil and sequentially receiving said integrated nitrogen 
signals from said meanderline surface coil; 
15 comparing means for comparing each of said integrated 

nitrogen signals to a predetermined threshold value; and 

an alarm for signalling when each of said integrated 
nitrogen signals exceeds said predetermined threshold value, 

20 11. A system according to Claim 10, wherein each of said 

distinct predetermined frequencies of said trains of radio 
frequency pulses is near to one of a plurality of 14 N NQR 
frequencies for each type of the multiple types of explosives 
or narcotics to be detected. 

25 

12. A system according to Claim 10, wherein each of said 
trains of radio frequency pulses comprises a strong off- 
resonance comb of radio frequency pulses. 

30 13. A system according to Claim 10, wherein s^id pulse 

generating means comprises a radio frequency source, a pulse 
programmer, a radio frequency gate and a radio frequency power 
amplifier. 

35 14. A system for detecting a class of explosives and 

narcotics containing nitrogen in a specimen by nuclear 
quadrupole resonance, comprising: 

pulse generating means for generating a train of radio 
frequency pulses having a predetermined frequency; 

40 a coil for irradiating the specimen with said train of 
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radio frequency pulses and detecting an integrated nitrogen 
signal in response to irradiating the specimen; 

coupling means for transmitting said train of radio 
frequency pulses to said coil and receiving said integrated 
5 nitrogen signal from said coil; 

comparing means for comparing said integrated nitrogen 
signal to a predetermined threshold value; and 

an alarm for signalling when said integrated nitrogen 
signal exceeds said predetermined threshold value. 

10 

15. A system according to Claim 14, wherein said coil 
comprises a meanderline surface coil for detecting the class 
of explosives and narcotics in the specimen at predetermined 
areas . 

15 

16. A system according to Claim 14, wherein said coil 
comprises a localized coil for detecting the class of 
explosives and narcotics in the specimen at predetermined 
regions . 

20 

17. A system according to Claim 14, wherein said coil 
comprises a solenoidal coil for detecting the class of 
explosives and narcotics in the entire specimen. 

25 18. A system according to Claim 14, wherein said coil 

comprises a toroidal coil for detecting the class of explosives 
and narcotics in the specimen at predetermined regions. 

19. A system according to Claim 14, wherein said 
30 predetermined frequency of said train of radio frequency pulses 

is near to a 1 *N NQR frequency of the type of explosive or 
narcotic to be detected. 

20. A system according to Claim 14, wherein said train 
35 of radio frequency pulses comprises a strong off -resonance comb 

of radio frequency pulses. 

21. A method for detecting a class of explosives and 
narcotics containing nitrogen in a specimen by nuclear 

40 quadrupole resonance, comprising the steps of: 
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(a) generating a train of radio frequency pulses having 
a predetermined frequency; 

(b) transmitting said train of radio frequency pulses to 
a meanderline surface coil; 

5 (c) irradiating the specimen in response to said train of 

radio frequency pulses transmitted to said meanderline surface 
coil at said step (b) ; 

(d) detecting an integrated nitrogen signal in response 
to irradiating the specimen at said step (c) ; 
10 (e) receiving said integrated nitrogen signal detected at 

said step (d) ; 

(f) comparing said integrated nitrogen signal to a 
predetermined threshold value; and 

(g) signalling when said integrated nitrogen signal 
15 exceeds said predetermined threshold value. 

22. A method according to Claim 21, wherein said step (a) 
generates said predetermined frequency of said train of radio 
frequency pulses to be near to a 14 N NQR frequency of the type 

20 of explosive or narcotic to be detected. 

23. A method according to Claim 21 wherein said step (a) 
generates said train of radio frequency pulses comprising a 
strong of f -resonance comb of radio frequency pulses. 
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FIG. 2(a) 
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FIG. 6 
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